We present population data on percentage body fat (%BF) by bioelectrical impedance analysis (BIA) in 12 287 men and 6657 women aged 30 ± 69 y. In addition, we examined relationships among BMI, %BF and serum lipids (totalcholesterol (TC), HDL-cholesterol (HDLC), TCaHDLC ratio, LDL-cholesterol (LDLC) and triglycerides (TG)) in order to determine whether body mass index (BMI, kgam 2 ) or %BF by BIA better re¯ected lipid metabolism. Women had larger %BF than men in all age groups. On the other hand, women aged`60 y had smaller BMI than corresponding men. Regardless of age, BMI was obviously correlated with %BF (r 0.743 ± 0.924). As previously reported, high BMI and high %BF were strongly associated with high serum TCaHDLC ratio and TG, and low serum HDLC rather than high serum TC and LDLC. Compared with BMI, %BF by BIA was better correlated with the serum indices except for serum HDLC. These results were found in both sexes, and there was a trend in which younger subjects had stronger correlations among BMI, %BF and serum lipids. Consequently, %BF by BIA (an index of body composition) better re¯ects serum lipid pro®le than BMI.
Introduction
Obesity, excess accumulation of body fat, is a sign of abnormal lipid metabolism, and is a signi®cant predictor for hypertension, coronary heart disease (CHD), diabetes mellitus, and hepato-biliary disease. 1,2 Since standard methods Ð underwater weighing and isotope dilution Ð for measurement of body fatness are very time-consuming and expensive, body mass index (BMI, kgam 2 ) calculated from height and weight has been commonly used as an easy index for body composition in clinical settings and in epidemiological studies. 3 Recently, bioelectrical impedance analysis (BIA) has been used to estimate body fatness, 4 and percentage body fat (%BF) by this method may be superior to BMI as an index for body fatness. 5 Serum lipid pro®le is an established indicator of altered lipid metabolism and is closely related to CHD which is the leading cause of death in developed countries. 6 However, relationships between %BF by BIA and serum lipids in large populations have not been reported. Thus, we present population data on %BF by BIA, and determine whether BMI or %BF by BIA better re¯ects serum lipid pro®le.
Subjects and methods
All the data on the subjects were taken from medical records in the Gifu Prefectural Center for Health Check and Health Promotion, Japan. The medical records have been used not only for a checkup for each individual but also for epidemiological surveys under ethical control.
Gifu-Prefecture had a population of 2.08 millions in 1995, and 15 488 men and 8345 women visited the Center for an annual checkup from April 1995 to March 1996. Out of the population, 12 287 men and 6657 women were selected as study subjects using the four eligibility criteria: (1) Aged 30 ± 69 y; (2) No present disease or medical treatment; (3) Fasted serum sample without haemolysis; (4) Complete data. , ranging from 13.8 to 43.4 kgam 2 for women. %BF was estimated by BIA using the standard tetrapolar technique according to the manufacturer's instructions for distal electrode placement on both feet (a stand-on model, TBF-202, Tanita, Tokyo). %BF was 20.6 AE 4.6% (meanAE s.d.), ranging from 5.0 to 47.0% for men, and 26.9AE 5.3%, ranging from 7.3 to 55.6% for women. All the measurements were done just before blood sampling. Smoking and drinking habits of the subjects were obtained from self-reported lifestyle. In the subjects, 6100 men (49.7%) and 419 women (6.3%) were current smokers ( ! 1 cigarettead), and 9208 men (75.0%) and 1675 women (25.2%) were habitual drinkers ( ! one occasionaweek). The habits of three men and three women were unknown. Overnight fasted venous blood was taken from the subjects at 08:00 to 09:00 h. After collection of serum by centrifugation, serum total-cholesterol (TC, mmolaL), high density lipoprotein cholesterol (HDLC, mmolaL) and triglyceride (TG, mmolaL) were analyzed using commercial kits and an autoanalyzer (CL-7300, Shimadzu, Kyoto) within four to ®ve hours of the blood sampling. Serum TCaHDLC ratio was calculated in all subjects, and serum low density lipoprotein cholesterol (LDLC, mmolaL) was estimated by Friedewald's formula 7 in 12 113 men and 6642 women with serum TG less than 4.52 mmolaL (400 mgadL). Inter-assay coef®cients of variance for nine to twelve determinations were less than 3.5% for the serum lipids, and the accuracy was checked by commercial control serum (MoniTrol I Á X and II Á X, Baxter, Deer®eld, USA). Table 1 shows the main characteristics of the subjects by sex.
All the serum indices were computed after logarithmic transformation. Pearson's correlation coef®-cients were used to show relationships between two variables. Spearman's correlation coef®cients also calculated were not apparently different from the Pearson's correlation's. So, the Pearson's correlation coef®cients are used here. PC-SAS (SAS Institute Inc., Cary, USA) was used in the calculation.
Results and discussion
According to age and sex, BMI and %BF by BIA (mean and s.d.), and Pearson's correlation coef®cients between BMI and %BF are presented in Table 2 . Table 3 has Pearson's correlation coef®cients between log(serum lipid) and BMI or %BF.
Regardless of age, women (25.6 ± 27.7%) had larger %BF than men (18.4 ± 21.7%) as previously reported. 5 In contrast, women aged`60 y had smaller BMI (20.7 ± 22.5 kgam 2 ) than corresponding men (22.8 ± 23.2 kgam 2 ). BMI was obviously correlated with %BF (r 0.743 ± 0.924), and women (r 0.857 ± 0.924) had much larger coef®cients than men (r 0.743 ± 0.848) in all age groups. Previous studies have also indicated stronger correlations between BMI and %BF by BIA for women than for men. 5, 8 In both sexes, young subjects had very strong associations between BMI and %BF, and the associations slightly declined with age in this study. The agedependent declines in the associations may be due to increases in interindividual variations of body composition with age, 9 as body composition of the elderly would be affected by many age-related changes (decreases in bone, muscle and body water, and increases and redistribution of body fat).
10,11 On the other hand, our results suggest that body fatness of young adults may be simply predicted from body height and weight.
The ®ve serum indices analyzed here are commonly used to estimate the risks for CHD. 12 High serum TC, more speci®cally raised serum LDLC, is a major risk factor for CHD. 6 A one percent increase in serum TC increases the risks for CHD by 2 ± 3%. 13 On the other hand, high serum HDLC and low TCaHDLC ratio are protective for the disease. 6, 13 Obesity is frequently associated with dyslipidaemia (high serum TG and low serum HDLC rather than high serum TC and The habits of 3 men and 3 women were unknown. BMI, body fatness and serum lipids T Nagaya et al
LDLC).
14 This survey con®rmed these previous ®nd-ings. In the subjects aged`60 y, both BMI (r 0.300 ± 0.464) and %BF (r 0.292 ± 0.508) were best correlated with serum TCaHDLC ratio, of the ®ve lipid indices. By contrast, BMI (r 7 0.009 ± 0.307) and %BF (r 0.040 ± 0.382) were weakly associated with serum TC (not signi®-cant in women aged ! 60 y). These results suggest that obesity is particularly associated with reduced serum HDLC. Compared with BMI, %BF had larger correlation coef®cients with the four serum indices, except for serum HDLC. Similar results were found in both sexes, and there was a trend in which younger subjects had stronger correlations between serum lipids and BMI or %BF. %BF by BIA is probably an appropriate index for body composition better re¯ecting serum lipids than BMI, especially in young adults. Body composition would be in¯uenced by smoking and drinking habits. 15 ± 18 However, the results shown here were not apparently different from those using only non-smoking and non-drinking subjects (1620 men and 4755 women). Waist circumference, an index for body fat distribution, is also related to serum lipids and risks for CHD but was not measured in this study. 3, 14, 19 Since the BIA method could not estimate body fat distribution, relationships among %BF by BIA, waist circumference, and serum lipids should be analyzed in further surveys.
%BF by BIA would be affected by food, beverage, sweating, physical activity etc. 20 In this study, BIA was carried out in the morning after overnight fasting. Such standardization is required to produce reliable values. Our results indicate that %BF by BIA better re¯ects lipid metabolism than BMI. Since the BIA technique is simple, rapid, noninvasive and inexpensive, it is an appropriate method for monitoring body fatness and lipid metabolism in clinical settings, in dietaryaexercise programmes, and in epidemiological surveys in large populations. NS not signi®cant (P b 0.05); *P`0.05; {P`0.01; no superscripts, P`0.001.
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